OBJECTIVES: We sought to investigate the long-term survival of patients with obstructive, restrictive and chronic obstructive pulmonary disease (COPD) as defined by the Global Initiative for Chronic Obstructive Lung Disease (GOLD).
INTRODUCTION
Pulmonary disease is known to be a risk factor for in-hospital mortality, hence its inclusion in the EuroSCORE and Southern Thoracic Society (STS) risk models. A number of the risk factors in the EuroSCORE have previously been identified by Cox regression analysis as possible significant factors [1] with regard to long-term survival, leading to a number of authors [2, 3] , utilizing EuroSCORE as a possible predictor of long-term survival despite its derivation being based on in-hospital operative mortality. This concept has been recently extended, via the addition of diabetes, left internal mammary artery (LIMA) usage, body mass index (BMI) and postoperative creatinine kinase (muscle-brain; CKMB) in its calculation [4] .
Little consensus existed in the diagnosis of chronic obstructive pulmonary disease (COPD) until the publication of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria, which are based on spirometric findings [5] .
We sought to investigate the role of pulmonary disease as a prognostic factor with regard to long-term survival after primary coronary artery bypass surgery.
Society of Cardiothoracic Surgeons of Great Britain and Ireland (SCTS) was utilized in conjunction with the national strategic tracking service for long-term follow-up that exists in the UK, as has been described previously [6] [7] [8] [9] [10] . All patients have their forced expiratory volume in 1 s (FEV1) and forced vital capacity (FVC) measured prior to surgery.
Patients
Patients who had undergone isolated coronary artery bypass grafts (CABG) only were included, N = 13 337, between 1st April 1997 and 31st March 2010.
Benchmarking
We benchmarked our in-hospital mortality figures against the UK national results (http://www.scts.org).
Methodology
The characteristics of the patients in this study are shown in Table 1 .
Definitions
Chronic lung disease can be classified as chronic obstructive lung disease (COPD, GOLD criteria [5] ), or obstructive and/or restrictive ( physiological criteria [11] ), as defined below.
GOLD criteria
Normal spirometry: FEV1/FVC ratio > 70%, and FEV1 ≥ 80% predicted. Mild COPD: FEV1/FVC ratio < 70%, and FEV1 ≥ 80% predicted. Moderate COPD: FEV1/FVC ratio < 70%, and 50% ≤ FEV1 < 80% predicted. Severe COPD: FEV1/FVC ratio < 70%, and FEV1 < 50% predicted.
Physiological criteria
Obstructive lung disease: relative FEV1 < 70%, and FVC > 70% predicted. Restrictive lung disease: FVC < 70%, and relative FEV1 > 70% predicted. Mixed obstructive and restrictive lung disease: FVC < 70%, and relative FEV1 < 70% predicted.
The differences in GOLD criteria and physiological criteria are diagrammatically shown in Fig. 1 .
Long-term survival
Univariate analysis. Kaplan-Meier survival curves were constructed, for patients with restrictive, obstructive and mixed obstructive and restrictive pulmonary disease, and for patients with COPD as defined by the GOLD criteria (Fig. 2) .
The discrimination abilities of FEV1, FVC, FEV1/FVC ratio and GOLD criteria were assessed by the Somers' Dxy test.
Multivariate analysis.
Stepwise Cox proportional hazards regression analysis was utilized to identify potential significant determining factors with regard to long-term survival. Entry criteria had a significance at P < 0.05, and removal criteria had a significance at P > 0.1 ( Table 2 ). The effect of the COPD GOLD criteria stage and obstructive and/or restrictive lung disease was analysed separately with regard to long-tem survival, and their effects were plotted at the mean of the covariates (Fig. 3 ). The effect of on-or off-pump is shown in Fig. 4 .
Statistical software
All statistical analyses other than the neuronal network and Somers Dxy tests were performed with MedCalc for Windows, version 12.2.1 (MedCalc Software, Mariakerke, Belgium). Somers C statistic and Dxy was performed with R (http://www.r-project.org).
RESULTS
One hundred percent long-term follow-up via the national strategic tracing service was achieved. Benchmarking of our institutional mortality rates compared with the UK did not reveal any differences ( part of the continuous UK cardiac surgery quality assessment programme by the society of cardiothoracic surgeons). The logistic EuroSCORE ranged from 0.881 to 80.411, mean 4.743, 95% confidence interval: 4.632-4.855 and 90% were ≤10. Long-term follow-up was from 6 months to 12 years, mean 6.6 years and median 7 years. Figure 1 demonstrates that the GOLD criteria and the physiological criteria for the classification of respiratory function are different, and hence analysis was done in multiple different ways. A total of 2742 patients had mild, moderate or severe COPD, of which the majority, 1766 were purely obstructive in nature.
Long-term survival
Univariate. Kaplan-Meier survival curves demonstrate that obstructive (P < 0.0001), restrictive (P < 0.0001) and mixed obstructive and restrictive pulmonary disease (P < 0.0001), and COPD as defined by the GOLD criteria (P < 0.0001), are all significant factors determining long-term survival (Fig. 2) .
The overall sensitivity and specificity of FEV1 for predicting long-term survival were 61.1 and 62.8%, respectively, with a C statistic of 0.381, and a Dxy of −0.24. The overall sensitivity and specificity of FVC for predicting long-term survival were 43.5 and 70.8%, respectively, with a C statistic of 0.41, and a Dxy of −0.18. The overall sensitivity and specificity of FEV1/FVC ratio for predicting long-term survival were 42.5 and 76.8%, respectively, with a C statistic of 0.43, and a Dxy of −0.15. 
ADULT CARDIAC
The overall sensitivity and specificity of moderate or severe GOLD criteria for predicting long-term survival were 17.4 and 88.8%, respectively, with a C statistic of 0.52.
The above analysis implies that the GOLD criteria have a high specificity for predicting poor long-term survival, and the FEV1 has poor sensitivity and specificity for predicting long-term survival.
Cox regression analysis. Cox regression analysis to determine
the importance of respiratory function with regard to long-term survival is shown in Table 2 . Three separate analyses were performed: COPD GOLD criteria, obstructive and/or restrictive lung disease, and FEV1, FVC and the FEV1/FVC ratio to investigate the effect of FEV1 and FVC individually.
All three analyses identified age, diabetes, moderate LV, poor LV, PVD, dialysis, LIMA usage, EuroSCORE and CKMB as significant factors, in addition to pulmonary disease, influence longterm survival. Stepwise regression excluded female sex, BMI and hypertension were excluded from the models.
Moderate and severe COPD defined by GOLD criteria were significant factors determining long-term survival, and mild COPD had no significant effect (Table 2A and Fig. 3A) .
Obstructive and restrictive lung disease were both significant factors determining long-terms survival (Fig. 3B-D) . Restrictive lung disease, however, carried a greater prognostic significance (higher hazard ratio) than obstructive lung disease (Table 2) .
FEV1 and FEV1/FVC ratio were significant factors determining long-term survival; however, a significant interaction existed between FVC and FEV1 as demonstrated by the ratio FEV1/FVC being of more significance than FVC by itself (Table 2C) .
The effect of on-or off-pump was only shown to be a significant factor when respiratory function was analysed with the use of the GOLD criteria (Table 2 and Fig. 4A ). Subset analysis with patients classified as having COPD defined by GOLD criteria or not revealed that off-pump surgery was a significantly beneficial factor with regard to long-term survival in patients with no COPD (Fig. 4B) , but had no impact in patients with COPD.
LIMA usage was shown to be a significant factor determining of long-term survival regardless of the classification of respiratory disease utilized in the analysis. Subset analysis with patients classified as having or not having COPD defined by GOLD criteria revealed LIMA usage to be prognostically significantly beneficial regardless of the pulmonary status (data not shown).
DISCUSSION
COPD as defined by the GOLD criteria is a significant determinant of long-term survival, when moderate or severe in nature. Restrictive lung disease is of more prognostic importance than obstructive lung disease.
Quantification of pulmonary dysfunction can be done in a number of ways, and hence our analysis by GOLD criteria for obstructive and/poor restrictive and on raw spirometric data (FEV1 and FVC). All three analyses identified the same non-respiratory factors determining long-term survival. Patients with severe COPD as defined by the GOLD criteria had a 10-year survival of 50%, and patients with obstructive and restrictive lung disease had a 10-year survival rate of 70%. This implies that despite their having higher in-hospital predicted mortality, patients with pulmonary disease should not be denied surgery as their long-term outcomes are relatively good, despite pulmonary function being a significant factor determining survival.
Previous large studies have failed to use quantifiable definitions and frequently relied on a clinical label of COPD [12] , as no internationally agreed criteria existed until recently, resulting in different definitions of COPD depending on the author [13] and/ or have been underpowered due to the sample size [14] .
COPD has been shown to be a significant factor determining long-term survival in patients with ischaemic heart disease patients [15] , but no publications exist with regard to the prognostic importance in CABG patients of the GOLD criteria and obstructive and/or restrictive lung disease.
Obstructive and restrictive lung disease represent different pathological processes. Analysis of the restrictive and obstructive components separately, as the GOLD classification system combined them, identifies that restrictive lung disease implies a worse long-term survival due to a higher hazard ratio on Cox analysis. It should be noted that FEV1 and FVC are continuous variables and using an arbitrary cut of values, as used in the GOLD and obstructive and/or restrictive classification systems, may introduce errors in risk prediction for individuals who fall near the artificial cut-off levels.
The use of the internal mammary artery is known to be associated with increased survival post-CABG; however, it has not been included in a number of previous long-term prediction studies [16] [17] [18] . Concerns about LIMA usage in patients with COPD exist due to the concerns about pulmonary dysfunction. Multivariate analysis revealed that LIMA usage is not a risk factor in patients with COPD with regard to in-hospital mortality (data not shown), but is a significant factor determining long-term survival regardless of the COPD status. The number of patients with bilateral internal mammary arteries (BIMAs) was too small in our data set to analyse.
Intraoperative myocardial damage is the main cause of cardiac dysfunction post-cardiac surgery, be it myocardial stunning, inadequate cardioplegia or coronary graft dysfunction. The finding that CKMB was a significant factor affecting the longterm outcome demonstrates the importance of intraoperative myocardial protection and the coronary anastomosis technique, and has been previously identified as a significant factor affecting long-term survival [19] .
Concerns about postoperative morbidity, mainly respiratory complications and mortality in patients with COPD having their LIMA artery harvested exist. Multivariate analysis regarding re-intubation the rate of length of intensive care stay and in-hospital mortality failed to revealed LIMA usage as a risk factor. Subset analysis of just patients with COPD concurred (data not shown).
Debate continues with regard to the use of off-pump techniques. Multivariate analysis demonstrated that off-pump is not associated with a significant difference in the hospital mortality; however, the technique is associated with significantly improved long-term survival in our cohort. Subanalysis reveals that off-pump is significantly beneficial with regard to longterm survival in patients who do not have COPD, but was of no benefit in patients with COPD. We speculate that the significantly reduced long-term survival of patients with COPD overshadows the relatively smaller benefits offered by off-pump surgery.
Smoking cessation, oral and inhalational bronchodilator therapy can allow patients to move from one GOLD criteria to another. We speculate, but have no supporting evidence, that pulmonary risk factor assessment and modification may improve the long-term survival.
Previous publications frequently classify pulmonary disease using qualitative criteria, usually clinical opinion. We recommend that FEV1, FVC and preferably if available pulmonary diffusion should be utilized to classify patient's pulmonary disease by GOLD criteria, and restrictive or obstructive. Failure to quantify pulmonary dysfunction makes comparison between different publications difficult.
Pulmonary disease is a significant factor determining longterm survival. Patients with severe COPD still have a relatively good long-term survival and should not be denied surgery. LIMA utilization in patients with COPD results in a significantly increased long-term survival, without an increased intensive care unit stay, re-intubation rate or in-hospital mortality rate.
LIMITATIONS
We do not have the cause of death of the patients, a frequent limitation of retrospective analysis; however, our series is large, prospective, consecutive and features 100% long-term follow-up. Diffusion studies were not available for any of the patients. Very few patients received BIMA grafts, and so this factor could not be analysed without introducing a statistical error to a lack of power. We are unable to account for the patient selection bias, a limitation of all retrospective analyses. We made no attempt to break down the follow-up period into time intervals as have been done previously [1, 16, 20] . The 13-year time period that the patients in this study were recruited from may introduce a time factor error. This is a common confounding factor of any large study over a prolonged period of time. 
